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Abstract-The OCEAN Sustained Interdisciplinary Timeseries Environment observation System (OceanSITES) is built around a worldwide network of long-term, deepwater reference stations measuring many oceanographic and meteorological variables of relevance to climate and biogeochemical cycles. OceanSITES is a contribution to the Global Ocean Observing System and international research programs. PMEL is a major contributor to OceanSITES in the context of the Tropical Ocean Atmosphere/Triangle Trans-Ocean Buoy Network (TAO/TRITON) mooring array in the tropical Pacific, the Pilot Research Moored Array in the Tropical Atlantic (PIRATA), preliminary moorings of a planned array in the Indian Ocean, the new Kuroshio Extension Observatory (KEO) in the Kuroshio Extension's recirculation gyre, and proposed high latitude moorings in the sub-Arctic Pacific at Ocean Weather Station PAPA and in the sub-Antarctic Zone south of Australia. The KEO mooring and a small subsample of moorings within the larger tropical arrays have been enhanced to measure heat, fresh water, and momentum fluxes. Sample time series of bulk variables and computed fluxes are presented and are compared to NCEP and ECMWF reanalysis products.
Many OceanSITES locations have been selected to address multi-disciplinary problems in biogeochemical cycles as well. At present a total of eight OceanSITES moorings carry a standalone system to monitor air-sea carbon flux, including five TAO sites and the KEO site. An expansion of the carbon systems to other OceanSITES locations including the proposed PMEL high-latitude sites and additional TAO flux sites is planned.
I. INTRODUCTION
Fluxes of heat (turbulent and radiative), fresh water (evaporation and precipitation), and momentum (wind stress) couple the atmosphere and ocean at the air-sea interface. In the past decade, significant progress was made in improving surface wind stress analyses for seasonal-to-interannual forecasting and diagnostics through atmospheric model and satellite-based analyses. Nonetheless, there continue to be large differences in currently available wind stress products, and a great sensitivity in tropical ocean model simulations forced with these different products. There has likewise been progress in the past decade in determining fields of heat and fresh water fluxes from satellite measurements and from atmospheric models that assimilate satellite and in situ observations. However, the uncertainty in these fields is even greater than for surface wind stress. Heat fluxes represent a large negative feedback on dynamically generated interannual timescale sea surface temperature (SST) anomalies in the equatorial cold tongue regions of the Atlantic and Pacific and are important for enhanced measurement sites. Note, however, that the tropical moored buoy arrays in their entirety are considered contributions to OceanSITES, since each mooring provides data useful for estimation of wind stress, latent and sensible heat fluxes, and in some cases shortwave radiation. Flux site locations were selected due to their proximity to regions of large air-sea exchange or regions in which our knowledge of flux rates is limited. For example, the KEO site region is characterized by some of the largest heat transfer rates from the ocean to the atmosphere found in the North Pacific. The proposed flux sites in the western equatorial Indian Ocean and Arabian Sea are located in regions where several heat flux products indicate large heat transfer from the atmosphere into the ocean and a site in the eastern subtropical Indian Ocean is located in a region where the flux products indicate large heat transfer from ocean to atmosphere (Fig. 2 , courtesy Lisan Yu, WHOI). The mooring in the Bay of Bengal is located in a region where the flux products vary substantially such that even the sign of the long-term mean flux cannot be determined with confidence at present.
II. INSTRUMENTATION
PMEL's flux measurement program is based on Next Generation Autonomous Temperature Line Acquisition System (NX ATLAS) moorings [1] with enhancements for the required additional measurements. In addition to primary measurements of wind, air temperature, relative humidity, and surface and subsurface temperature in the upper 500 m, the flux moorings also measure shortwave and longwave radiation, precipitation, sea level pressure, ocean surface and subsurface conductivity, and velocity. The sensors used in the NX ATLAS and their locations on the mooring are listed in Table 2 . Instrument specifications, calibration procedures, and accuracy of the primary measurement sensors are specified in [2] , [3] , and [4] . Rain gauge calibration method and accuracy is given in [5] . Surface meteorological instrumentation from NX ATLAS buoys of PMEL, TRITON buoys of the Japan Agency for MarineEarth Science and Technology (JAMSTEC), and Improved METeorological (IMET) buoys of the Woods Hole Oceanographic Institution (WHOI) performed comparably during a shore based intercomparison [6] .
III. SAMPLE DATA One of the first ATLAS moorings enhanced specifically for OceanSITES flux measurements was deployed in the Indian Ocean near 00 80°E. Daily mean time series of surface measurements over the first 6 months of the deployment exhibit a period of transition between Southwest and Northeast Monsoon regimes, followed by the establishment of the Northeast Monsoon (Fig. 3) . Superimposed on the seasonal cycle of winds is significant variability on daily to intraseasonal timescales. The ocean's response to the seasonal change in wind is evidenced by the establishment of a strong eastward near-surface current, the Wyrtki Jet [7] which is opposite in direction to the typical westward flowing South Equatorial Current in the Pacific and Atlantic. After the period of monsoon transition the near-surface currents are more typical of the Northeast Monsoon Current. The sea surface temperature (SST) and mixed layer depth also exhibit significant intraseasonal variability of order 1°C and 50 m, respectively. These measurements, combined with estimates of surface turbulent fluxes from the same buoy, can be used to compute net surface heat flux (Fig. 4) and examine the mixed layer heat balance. (Fig. 1, Table  3 ).
The prototype for the moored CO2 system was developed by F. Chavez and G. Friederich at the Monterey Bay Aquarium Research Institute (MBARI). Working with PMEL scientists, the MBARI group has been measuring air-sea CO2 differences (ApCO2) using a non-dispersive infrared (NDIR) analyzer (LiCor 6252) on two TAO moorings since December 1996. Since the NDIR analyzer only measures the CO2 concentration in air, the MBARI researchers developed a novel design for a low power equilibrator that equalizes the CO2 concentrations in a small fixed volume of air with the CO2 concentrations in the surface seawater. By measuring the difference in CO2 concentrations in marine air and in the air equilibrated with surface seawater, the direction and magnitude of air-sea CO2 Heat Flux at 0°,80.5°E (W m-2) exchange can be determined [9, 10] . 
